Background: Little has been reported regarding patterns of oncologic care in American Indian/Alaska Natives (AI/AN). Observed worse survival has been attributed to later-stage presentation. We aimed to evaluate racial differences in cancerdirected therapy and hospice care utilization in AI/ANs and non-Hispanic whites (NHW) with metastatic cancer.
Introduction
Little has been documented regarding patterns of care for American Indian and Alaska Native (AI/AN) individuals after the diagnosis of metastatic cancer. AI/ANs are often not included, or are dramatically underrepresented, in cancer treatment trials (1) . AI/ANs have higher cancer-related mortality than non-Hispanic whites (NHW), with lung cancer being the most common cause of cancer-related death in AI/ANs, as in NHWs (2) (3) (4) . This may be partly due to differences in prevention efforts and screening behaviors because AI/ANs tend to be diagnosed with cancers at a later stage compared with NHWs (5-7). It has yet to be evaluated how patterns of care in AI/ANs compare with NHWs after the diagnosis of metastatic disease.
Cancer control has improved over the last few decades, but this benefit appears to be greater for NHWs than AI/ANs and/or AI/ ANs continue to have worse survival than NHWs (7) (8) (9) . As noted with other diseases, AI/ANs may experience delays in time to presentation for care or receipt of care (10, 11) . This raises the concern that AI/ANs with metastatic cancer may be less likely than NHWs to receive chemotherapy, which is potentially life-prolonging, as has been demonstrated for earlier-stage cancers (9, 12, 13) . AI/ANs may also undergo less surgery and/or radiation for palliation of symptoms.
Early use of palliative care services, which includes hospice services, can improve quality of life and, perhaps, survival (14) . This is especially relevant as a high prevalence of pain symptoms has been reported for AI/ANs (15) . However, nationally the median length of time on hospice is 20 days, with 36% of hospice users enrolling 7 days or less before their death (16) . Population statistics note that AI/ANs are underrepresented as hospice users, relative to their proportion of the population (17). Although racial disparities in hospice services are well recognized, even a systematic review of hospice utilization in different minority populations did not have sufficient data to permit evaluation of hospice use in AI/ANs, limiting our understanding of this discrepancy (18) . Therefore, we compared utilization of cancerdirected treatments and hospice services between AI/AN and NHW metastatic cancer patients ages 65 years and older in the linked Surveillance, Epidemiology, and End Results cancer registry and Medicare claims database (SEER-Medicare).
Materials and Methods

Study sample and follow-up
To identify cancer patients for this study, we used Medicare enrollment files and Indian Health Service Care System (IHSCS) records linked to SEER cancer registry data and Medicare enrollment and claims files (SEER-Medicare) between 2001 and 2007. IHSCS is a system of clinics that provide primary care services to AI/ANs, and is restricted to members of federally recognized tribes for some states. NHWs were chosen as the comparison group, consistent with literature standards (8, 18) . We included individuals who were (i) diagnosed between 2001 and 2007 with SEER "distant" stage cancer (AJCC stage IV: Tx Nx M1) of the breast (female only), colorectum, lung, prostate, ovary, or stomach, (ii) age 65 or older, (iii) residing in a SEER catchment area, (iv) enrolled in Medicare parts A and B 1 month before diagnosis, and (v) AI/AN or NHW. Individuals were excluded if (i) they were enrolled in Medicare due to disability or end-stage renal disease, (ii) had a prior malignancy, (iii) diagnosed with cancer at death/ autopsy, or (iv) hospice enrollment data preceded the cancer diagnosis date. This resulted in 388 AI/AN and 75,871 NHW cases for analysis. Additional information on cohort development is detailed in Supplementary Table S1 (online only). Follow-up for vital status through December 31, 2009 was obtained from SEER registry data.
Statistical analysis
Descriptive characteristics were compared between AI/ANs and NHWs with the two-sample t test for continuous variables (age and Klabunde comorbidity index; ref. 19 ) and x 2 test of homogeneity for the categorical variables. For patients with less than 12 months of enrollment before diagnosis, a Klabunde comorbidity score could not be calculated and was coded as null for this variable. For an alpha of 0.05, statistical significance was defined as a P value <0.05.
Cancer-directed therapy
The use of cancer-directed therapy (surgery, radiation, and/or chemotherapy) was compared between AI/AN and NHW case groups. "Cancer-directed therapy" was defined as surgical resection, radiation, or chemotherapy that was delivered after cancer diagnosis. Receipt of therapy was identified from Medicare part A and B claims. The specific CPT, ICD-9, HCPCS, DRG, and Revenue Codes claims are listed in Supplementary Table S2 (online only). Chemotherapy was also evaluated separately from radiation and surgery because it is the major potentially life-prolonging intervention for metastatic cancer (12) .
Utilization of cancer-directed therapy in 388 AI/ANs versus 75,871 NHWs was described using cumulative incidence and compared with competing risks analysis, where death and hospice before the initiation of treatment were considered competing events. Both minimally adjusted hazard ratios (HR; adjusted for age, sex, and diagnosis year) and fully adjusted HRs [additionally adjusted for marital status, SEER region, Klabunde score, zip-code-level median income, and type of residence (urban or rural)] were estimated. All metastatic cancer cases were included, followed by analyses for each of breast (female only), colorectal, lung, and prostate cancer cases.
Secondary analysis for receipt of chemotherapy was additionally performed in all cases and by anatomic site. Using competing risk regression, treatment other than chemotherapy (including surgery, radiation, and hospice) and death were treated as competing events. Results were adjusted for diagnosis age, sex, SEER region (Midwest, Northeast, South, or West), diagnosis year, Klabunde comorbidity score, marital status (single, married, divorced, separated, widowed, unknown), zip-code-level median income, and type of residence. These adjustment variables were selected a priori based on prior studies indicating that the factor was associated with race and with receipt of care or hospice utilization. We computed robust variance estimates for all models in order to relax assumptions. For the overall models combining all cancer types, we also clustered on cancer type to account for the correlation among patients. Statistical significance was defined as P < 0.05 with two-tailed tests.
Hospice utilization
Hospice care was separately evaluated, both in terms of ever enrollment and late utilization. Metastatic cancer meets the Medicare criteria of terminal illness, but one cannot determine a 6 month or less predicted prognosis from claims data (20). Thus, hospice use was retrospectively determined among those that died. First, hospice enrollment was analyzed among individuals who died within 2 years of diagnosis (n ¼ 365 AI/AN; n ¼ 63,879 NHW). The 2-year restriction served to remove bias based on enrollment year and length of available follow-up data as the last enrollment year (2007) had a maximum of 2 years of follow-up. The Medicare claims data were then examined for hospice enrollment before death and categorized as having any claims ("hospice utilizer") or no claims ("non-utilizer") before death. Second, late hospice use was analyzed among all hospice enrollees (n ¼ 190 AI/AN; n ¼ 44,010 NHW). Late hospice utilization was defined as enrollment 7 days before death.
Logistic regression was used to estimate odds ratios (OR) and 95% confidence intervals (95% CI), comparing AI/ANs with NHWs, for use versus no utilization of hospice. Minimally adjusted and fully adjusted ORs and 95% CIs were calculated using the same adjustment variables as above. Analyses were performed in metastatic cases overall and for the top three cancer types for each gender (lung, colorectal, female breast, and male prostate cancer). A sensitivity analysis was additionally performed, adjusting for recent hospitalization (defined as hospitalization within 30 days of death) when evaluating the association between race and hospice enrollment given that hospital admission serves as an acute presentation of illness that might facilitate and/or lead to hospice enrollment. Again, we computed robust variance estimates for all models to relax assumptions. For the overall models combining all cancer types, we also clustered on cancer type to account for the correlation among patients. Statistical significance was defined as P < 0.05 with two-tailed tests.
Results
Multiple differences between AI/AN and NHW individuals with metastatic cancer were noted (Table 1) . On average, the AI/AN cancer patients were slightly younger than NHW patients at diagnosis (mean age 74.6 vs. 76.2 years, respectively; P < 0.01). AI/ ANs were more likely to reside in a West SEER region, be diagnosed in a later year of study enrollment, and live in a zip-code with lower median income (all P < 0.05). In addition, AIANs were less likely to live in an urban setting or be married. The distribution of cancers also varied by race group (P < 0.01), although the most common cancer by far was lung cancer in both AI/ANs (59%) and NHWs (64%).
Overall, fewer AI/ANs received any cancer-directed therapy [218/388 (57%) AI/ANs vs. 46,509/75,871 (61%) NHWs] in the first 3 months following diagnosis (Fig. 1) . By competing-risks analysis, the HR for any treatment among AI/AN compared with NHW was 0.80 (95% CI, 0.74-0.86; P < 0.01) for all cancers, adjusted for age, sex, and diagnosis year ( Table 2) . This difference was no longer significant (HR, 0.94; 95% CI, 0.83-1.08; P ¼ 0.4) in the fully adjusted model. The observed differences in receipt of cancer-directed therapy appears to be largely driven by individuals with lung cancer, which was the most common metastatic cancer type for both AI/ANs and NHWs [114/229 (50%) of AI/ANs and 27,003/48,306 (56%) of NHWs had metastatic lung cancer]. Female breast cancer comprised less than 10% of metastatic cases, but there was no evidence that AI/AN metastatic breast cancer ] . Similarly, the HR for overall utilization was no longer significant after full adjustment (minimally adjusted HR, 0.79; 95% CI, 0.68-0.91; P < 0.01; fully adjusted HR, 0.92; 95% CI, 0.78-1.09; P ¼ 0.33). All four anatomic site subanalyses followed the same trend.
Among individuals who were observed to die within 2 years of diagnosis, there was less use of hospice services by AI/ANs, with 190 (52%) enrolling in hospice before death versus 38,733 (61%) of NHWs ( Table 3 ). The OR for the association between AI/AN race and lower hospice utilization was significant in both the minimally adjusted model (OR, 0.68; 95% CI, 0.55-0.83; P < 0.01) and the fully adjusted model (OR, 0.78; 95% CI, 0.61-0.99; P ¼ 0.04). In addition, within each cancer type, AI/ANs showed less use of hospice services compared with NHWs. Comparing between groups, AI/AN lung cancer patients were higher users, whereas prostate cancer patients were the least likely to use hospice services. However, only the association seen in prostate cancer remained significant after full adjustment (OR, 0.39; 95% CI, 0.17-0.93; P ¼ 0.03). In a sensitivity analysis, hospitalization within the 30 days before death was not associated with higher rates of hospice enrollment (data not shown). Late hospice utilization (Table 3) was not significantly lower in AI/ANs compared with NHWs (fully adjusted OR, 0.82; 95% CI, 0.56-1.19; P ¼ 0.3).
Discussion
Neither receipt of cancer-directed chemotherapy, radiation, and/or surgery nor of chemotherapy specifically was significantly different between AI/ANs and NHWs. However, a significantly lower use of hospice services was observed in AI/ANs compared with NHWs. This difference was not seen when comparing late utilization of hospice services.
After adjusting for factors that are known to influence access to care, AI/AN race was not associated with less use of cancer-directed therapy. For utilization of cancer-directed therapy, the minimallyadjusted HR estimates suggest that there are disparities in care between AI/ANs and NHWs. However, our fully-adjusted HR estimates indicate that these disparities may be largely explained by differences in social and demographic factors between AI/ANs and NHWs. Although prior studies note that differences in stage at presentation may account for some difference in cancer outcomes, this would not explain the differences observed in this analysis restricted to metastatic-stage cancer patients (13, 21) . In our analysis, marital status and zip-code level median income were significantly different between AI/ANs and NHWs. This suggests that differences in social support and resources, rather than race per se, are the primary factors influencing access and utilization of care (22) . Apparent disparities in the use of healthcare among AI/AN Veterans unselected for a specific diagnosis were similarly accounted for by adjusting for sociodemographics and insurance coverage (23) . These data recommend that enhancing available options for resource-poor individuals may have the greatest positive impact on observed disparities in care received for metastatic cancer.
Even when accounting for sociodemographic factors that could influence use of hospice services, AI/ANs had significantly lower utilization of hospice care compared with NHWs. As in previous reports, we observed racial differences in utilization of hospice services (18, 24) . Expanding upon what has been previously shown (24), we further examined hospice enrollment 7 or less days before death to valuate if there was a greater amount of late enrollment in hospice care among AI/ANs than NHWs that might be consistent with observed delays at other time points of cancer care (10, 11) . In both groups, late use was less than the population average of 36% enrollment in the last week of life (16) . However, there was no significant difference between AI/ANs and NHWs observed in the fully adjusted model. In this assessment, younger age, married status, urban residence, and higher income were associated with greater hospice utilization. Our analysis is the first with sufficient numbers of AI/AN to test associations between common factors, including race, that may influence use of initial and end-of-life treatments (18) . Additional investigation is needed to understand the root-cause for the observed differences, such as differences in cultural opinions about the utility of hospice or prior positive experiences with friends/relatives in hospice.
Our study strengths include a selection of study participants from the SEER-Medicare database linked to IHSCS in the recent past. Although prior studies have evaluated cancer care in AI/ANs, these have been limited by inclusion of no or few stage IV cases, analysis restricted to a certain region of the country, and/or earlier There is growing evidence that early specialty palliative care involvement improves quality of life and care (14) . At a minimum, hospice involvement near the end of life can assist with supportive care, patient/family comfort, and financial burden (27) . Acute changes in health status, such as would be reflected with a performance status score, are not available with this type of claims-based analysis. Thus, it is difficult to objectively assess when a person is "ready" or eligible for hospice services. Accordingly, we used death in a metastatic cancer patient as a surrogate for meeting the hospice eligibility criteria of a terminal diagnosis and a 6 month or less prognosis (20). Other groups whose focus was only on the last 6 months of life may miss longer term hospice users (24) . We then retrospectively examined the records of those who died for utilization of hospice services. Sensitivity analyses to evaluate recent hospitalization before death did not significantly affect our results, arguing against differences in acute medical illness affecting likelihood of hospice enrollment as the cause of the observed difference in hospice utilization.
In conclusion, although AI/ANs included in the SEER-Medicare data who were diagnosed with metastatic cancer have lower receipt of cancer-directed therapy overall and of chemotherapy than NHWs, these differences are accounted for by socioeconomic, comorbid illness, and other demographic factors. A significant association with AI/AN race is observed when evaluating utilization of hospice services. Because little has been published on this topic, it is important to note that differences in care between AI/ AN and NHW metastatic cancer patients is partially attributable to factors for which interventions may be developed. Future efforts to improve receipt of cancer-directed care and utilization of hospice among AI/ANs should focus on barriers of care related to social support, transportation, financial resources, and other socioeconomic issues and on investigation into the observed disparity in receipt of hospice services.
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